ABSTRACT
INTRODUCTION

20
According to current estimates of spontaneous deleterious mutation rates in 
33
In very large, panmictic populations, and in the absence of epistasis between 34 mutations, genetic associations between deleterious alleles at different loci should re-35 main weak, and may be neglected. In diploids, and assuming that the dominance 36 coefficient of deleterious alleles is significantly greater than zero, the mutation load 37 (reduction in mean fitness of the population due to deleterious alleles at mutation-38 selection balance) is approximately 1 − e −2U , where U is the deleterious mutation rate 39 per haploid genome (Crow, 1970; Agrawal and Whitlock, 2012 this is the case, the population is effectively outcrossing, and purging does not occur.
77
To date, the effects of selective interference in partially inbred populations have self-fertilize at a given rate, and a subdivided population with local mating followed by 86 dispersal (island model of population structure). In the first case, interference between 87 loci tends to reduce mean fitness and increase inbreeding depression. These effects are 88 stronger when deleterious alleles are more recessive, but depend only weakly on the 89 strength of selection against deleterious alleles and on recombination rates. In the 90 while a proportion 1 − α is produced by random union of gametes. bivariate Gaussian distribution -a similar method was used by Charlesworth et al.
156
methods yield very similar results and only the first will be presented here.
158
In the following, I will first assume that all deleterious alleles have the same 159 selection and dominance coefficients, and then turn to the more realistic situation
160
where s and h vary among loci. Throughout, I assume that deleterious alleles stay 161 at a low frequency in the population. In that case, and assuming fixed s and h, the 162 average log-fitness is approximately:
where the sum is over all loci, p i is the equilibrium frequency of the deleterious allele 164 at locus i, and F i is the probability of identity-by-descent at locus i due to partial 165 selfing (generating an excess of homozygosity at locus i). as long as deleterious alleles stay at a low frequency.
170
As shown in Supplementary File A, the variance in log-fitness is approximately:
where G ij is the identity disequilibrium between loci i and j (covariance in identity-
172
by-descent, generating a correlation in homozygosity across loci). As explained in the population is partially selfing. Neglecting those terms, we have: 
while changes in allele frequencies due to selection are approximately: expressions for W and δ, which may become important when U is sufficiently large.
223
As we will see, some discrepancies are observed between the analytical predictions and 224 the simulation results for high U and low h, probably due to the fact that these higher-
225
order genetic associations (between three or more loci) are not taken into account in 226 the analysis.
227
Because the identity disequilibrium G ij depends on the recombination rate r ij recombining loci:
Injecting this expression into equations 5 and 6 yields the following approximation
233
for the average number of deleterious alleles per haplotype (n = i p i ) at mutation-234 selection balance (to the second order in U ):
where
The term I 1 in equation 8 represents the effect of identity disequilibria, increasing 238 the mean number of deleterious alleles when h < 0.5 (due to the three effects de-239 scribed above). From this, and neglecting terms in o (U 2 ), one obtains the following approximation for mean fitness:
with:
As shown by equation 11 and the previous equations, identity disequilibria have three it is possible to show that identity disequilibria generally increase the variance in fitness
263
(unless h = 0.5, in which case their effect vanishes).
264
Finally, the effect of identity disequilibria on inbreeding depression is obtained 265 as follows. Inbreeding depression is classically defined as:
where W self and W out are the average fitnesses of individuals produced by selfing and 267 by outcrossing, respectively (Charlesworth and Charlesworth, 1987 have F i, self = (1 + F i ) /2, while at the neutral equilibrium and under free recombination
273
G ij, self = G ij /4. From this, one obtains:
where I 1 and I 2 are given by equations 9 and 12. The three terms generated by iden-275 tity disequilibria in equation 14 correspond to the three effects affecting mean fitness 276 described above: (1) correlations in homozygosity tend to increase the fitness of inbred 277 offspring whenever h = 0.5, thereby reducing inbreeding depression (1 + I 2 /4 factor);
278
(2) identity disequilibria reduce the excess homozygosity of inbred offspring, which 279 also reduces inbreeding depression (term αI 2 / (2 − α)) and (3) identity disequilibria 280 increase the equilibrium frequency of partially recessive deleterious alleles, which in-281 creases inbreeding depression (1 + I 1 factor). Here again, the third effect is stronger 282 than the first two, and the overall effect of identity disequilibria is thus to increase δ. by ψ (h) = (θ/h 2 ) φ (θ/h). Figure 5 shows the distributions of s and h for σ = 0.8, creases faster than linearly as h decreases (the effect of h on δ being more marked when 347 α is small), causing inbreeding depression to increase as the variance of h increases.
348
By contrast, the effect of h on mean fitness is weaker, and vanishes when α = 0. Fi-
349
nally, Supplementary Figure S6 shows that when h = 0.5, the variance of h generates 350 positive inbreeding depression, which is slightly increased by identity disequilibria.
351
The mutation load L, inbreeding depression δ and heterosis H in a subdivided 
where p is the frequency of the deleterious allele in the whole population, and F ST 383 measures the average genetic diversity within demes, relative to the genetic diversity 384 in the whole metapopulation (Wright, 1969) . As the number of demes tends to infinity,
385
F ST becomes equivalent to the probability that two genes sampled from the same deme 
where γ is the probability that three genes sampled from the same deme are identical 
Replacing F ST and γ by these expressions in equation 19 yields, at mutation-selection 403 equilibrium:
with Γ = N (m + sh), and where u is the mutation rate towards the deleterious allele.
405
From equations 16, 17 and 18, one then obtains:
When s m (so that Γ ≈ N m), equations 21 -24 become equivalent to the results and shows that equations 21 -24 lead to significant improvement over these previous 424 results. 425 Finally, we can note that when the migration rate m is set to zero, the model and h and freely recombining loci, one obtains:
which is equivalent to equation 79 in Roze and Rousset (2008) when sh m, while:
(where p j is the frequency of the deleterious allele at locus j in the metapopulation). deleterious alleles when h < 1/3 (and increases selection otherwise), while a lower γ 454 increases selection against deleterious alleles when h < 1/2, and increases it otherwise.
455
As a result, the effects of between-locus interactions on F ST and γ may either increase or haplotype at equilibrium (to the second order in U ):
where I 3 represents the effect of interactions between loci:
Note that the sign of I 3 depends on parameter values: while I 3 is always positive when 464 1/3 < h < 1/2, it may become negative when h < 1/3, in particular if Γ is large:
465 therefore, interference between loci may either increase or decrease the frequency of 466 deleterious alleles. Furthermore, one obtains for the mutation load:
Again, the sign of I 4 (representing the effect of interactions between loci) depends on Indeed, one obtains for heterosis (see Supplementary File B for derivation):
showing that interactions between loci always decrease heterosis when h < 1/2. Fi-476 nally, inbreeding depression is given by:
showing that interactions between loci always increase inbreeding depression within small under these conditions. Indeed, both measures were used in the simulations and gave nearly undistinguishable results (not shown).
496
DISCUSSION
497
Theoretical predictions regarding the effect of the mating system of organisms 498 on the mutation load and inbreeding depression are often based on single-locus models.
499
However, as previously shown by Lande et al. (1994) , some of these predictions may 500 not hold when considering more realistic situations involving multiple selected loci.
501
In particular, when the genomic mutation rate towards recessive deleterious alleles is 502 sufficiently high, inbreeding depression is maintained at high levels irrespective of the be a lack a sufficient power to detect purging, or synergistic epistasis between deleteri-588 ous alleles, which tends to flatten the relationship between inbreeding depression and 589 the selfing rate (Charlesworth et al., 1991 
